1. Introduction {#sec1}
===============

There is a growing body of evidence implicating regulatory T (Treg) cells in the etiology and prognosis of many cancers and autoimmune diseases \[[@B1]--[@B5]\] as well as in the prevention of graft versus host disease \[[@B6], [@B7]\]. Treg cells have also been found to suppress reactivity against paternal alloantigens during pregnancy, thus regulating antifetal immune reactions \[[@B8]\]. Treg cells constitute 5--10% \[[@B9]\] of peripheral CD4^+^ T cells and majority of them are produced in the thymus \[[@B10]\]. Treg cells first attracted attention for their role in maintaining immune tolerance and in the development of severe autoimmune disorders. In a seminal study, Asona et al. demonstrated that while thymectomized mice developed autoimmune disorders, restoration of Treg cells from syngeneic nonthymectomized mice suppressed autoimmune disorders \[[@B11]\]. The immunosuppressive role of Treg cells was later confirmed in several other studies \[[@B12]--[@B14]\].

High Treg cell levels have been previously reported in the peripheral blood of patients with pancreatic \[[@B15]\], ovarian \[[@B16]\], head and neck \[[@B17]\], prostate \[[@B18]\], lung \[[@B19], [@B20]\], gastric \[[@B21]\], colorectal \[[@B21]\], esophageal, and liver cancers \[[@B21]\], compared to healthy individuals. Treg cells from cancer patients have been found to express similar surface molecules and cytokine activity as those expressed by Treg cells in healthy individuals \[[@B15]\]. Further, Treg cells from peripheral blood of cancer patients suppressed proliferation and function of natural T cells \[[@B15]\]. These findings suggest that the increased Treg cells in cancer patients are functionally similar to the Treg cells in healthy individuals and suppress normal immune responses against tumors \[[@B15]\]. Although, higher Treg cell levels have been observed in the peripheral blood of cancer cases compared to controls, there is scarcity of literature on the factors that affect the levels of Treg cells in healthy individuals. We examined the association of several epidemiological factors including demographic and lifestyle factors, diet, medication use, and reproductive factors, with Treg cell levels in peripheral blood in a well-defined cohort of 75 healthy women.

2. Materials and Methods {#sec2}
========================

Participants in this study were women who consented to participate in the Data Bank and BioRepository (DBBR) program, a shared Core Research Resource at Roswell Park Cancer Institute in Buffalo, NY, USA \[[@B22]\] and self-reported being cancer-free at the time of informed consent. The DBBR is a state-of-the-art blood collection, processing, and banking laboratory which procures bio specimens from Roswell Park patients and nonpatients as healthy controls and collects extensive sample and clinical annotation data, as well as epidemiological survey information. Newly diagnosed cancer patients are asked to contribute specimens and data to the DBBR prior to treatment, and non-patients (family members and friends of patients and community members) with no personal history of cancer are also asked to participate in the DBBR as controls. All participants provide broad, tiered, face-to-face informed consent to donate at least one blood sample and to complete a self-administered in-depth epidemiologic questionnaire, which includes a Food Frequency Questionnaire, information on reproductive history, family history of cancer, dietary supplement use, comorbidities, prescription and nonprescription medication use, smoking, alcohol consumption, lifetime physical activity, height and weight from young adulthood to present, and demographic factors. Specimens and data are collected with protected health information (PHI) and subsequently deidentified through a certified honest broker prior to distribution to scientists with hypothesis-driven IRB-approved research studies.

For this study, peripheral blood samples were procured through the DBBR resource by certified phlebotomists from 107 women who verbally reported having no current or prior history of cancer at the time of consent between January 2008 and April 2009. The blood samples were collected and immediately sent via pneumatic tube from the DBBR laboratory to the Flow and Image Cytometry resource at RPCI, where it was initially stored at −80°C. Cells were thawed, washed, and checked for viability using Fixable Live Dead Violet (Life technologies, Grand Island, NY, USA). The cells were stained with FOXP3 Ax488 (clone 206D, Bio Legend, San Diego, CA, USA, CD127 PE (clone R34.34, Beckman Coulter, Miami, FL, USA), CD4 PerCP (clone OKT-4, Bio Legend), CD3 PECy7 (clone SK7 8--11, BD Bioscience San Jose, CA, USA), and CD25 APC (clone 2A3, BD Bioscience), as previously described \[[@B23]\]. For each sample an FMO (fluorescence minus one) control, substituting an isotype control (IgG1k Ax488, Bio Legend) for FOXP3, was used to establish the boundaries for FOXP3 negativity. Cytofluorometric analysis was performed using a FACSCanto II (BD BioSciences) flow cytometer equipped with air cooled 405, 488, and 633 nm lasers. Forward scatter, side scatter, and five fluorescent parameters were collected with a threshold set on forward scatter to eliminate debris from list mode data. For this study, CD3^+^CD4^+^CD25^+^FOXP3^+^ was used as the principle definition of Treg cells, and results are expressed as percentage of total CD3^+^ cells. Foxp3 is considered to be highly specific marker for Treg cells \[[@B24], [@B25]\].

At the end of one year of follow-up time (April 2010), 82 (76%) of sample donors had returned their epidemiological questionnaires to the DBBR for data processing. Following standard operating procedures, each questionnaire was reviewed by both a data manager and a trained, dedicated research associate who recontact participants via telephone to clarify discrepancies prior to scanning the data for storage and subsequent distribution alongside biospecimens. Women with missing data on some of the important variables of interest in this study, such as education, smoking, exercise, age at first birth, use of oral contraceptives, history of HRT, and use of Ibuprofen were excluded from analyses. Thus, data for a total of 75 women was available for analyses.

2.1. Statistical Analysis {#sec2.1}
-------------------------

Since the distribution of Treg cells was not normal within comparison groups of epidemiological predictors, mean percentages of Treg cells were compared using Wilcoxon Rank-Sum test and Kruskal-Wallis test as appropriate. Univariate linear regression was used to test the association of demographics, lifestyle, medication use, diet, and reproductive factors with the levels of Treg cells. Dummy variables were created as appropriate for categorical predictors. All analyses were conducted using SAS 9.3.1.

3. Results {#sec3}
==========

[Table 1](#tab1){ref-type="table"} displays the descriptive characteristics of 75 healthy women in the study. The majority of study population were Caucasian, had greater than high school level of education, and were postmenopausal ([Table 1](#tab1){ref-type="table"}). Mean percentage (% of CD3^+^) of Treg level was 2.64% (standard deviation = 1.33). Since Treg cell levels were expressed as proportion of total CD3^+^ T cells as opposed to that of CD4^+^ T cells, these levels are lower than those reported by other studies \[[@B15], [@B26]\]. Women with higher BMI, lack of exercise, smoking, younger age at first birth, postmenopausal status, and HRT had significantly higher mean percentage of Treg cells than the respective comparison groups. As shown in [Table 2](#tab2){ref-type="table"}, age, smoking, exposure to medications for treatment of osteoporosis, post-menopausal status, BMI, and history of hormone replacement therapy (HRT) were found to be significant positive predictors of Treg cell levels (*P* ≤ 0.05). On the other hand, education, exercise (3 or more days/week), \>24 years of age at first birth, and use of oral contraceptives or Ibuprofen were found be significant negative predictors of Treg cell levels. When compared with nulliparous women, neither category of age at first birth was found to be significant (results not shown). 5% to 12% of variation in Treg levels was explained by these variables ([Table 2](#tab2){ref-type="table"}).

4. Discussion {#sec4}
=============

In this first cross-sectional study of epidemiological predictors of Treg cells, we identified several factors that are positively or negatively associated with these immunosuppressive cells.

A distinct subset of CD4^+^, CD25^+^ T lymphocytes expressing FOXP3 (Treg cells) has been found to play an important role in dampening host immune response and in preventing autoimmunity \[[@B10], [@B24], [@B27]--[@B29]\]. Increased proportion of immunosuppressive Treg cells has been observed in cancer patients indicating the role of Treg cells in suppression of anti-tumor immunity \[[@B15], [@B26]\]. Treg cells have been implicated in several diseases including type 1 diabetes \[[@B1]\], multiple sclerosis \[[@B2], [@B3]\], systemic lupus erythematosis \[[@B4]\], and rheumatoid arthritis \[[@B5]\]. Although a number of surface markers expressed by Treg cells is being continually discovered to define this unique subset of T cells, the expression of forkhead box P3 (FOXP3) has been found to be specific for naturally occurring Treg cells \[[@B24]\]. Hence, in this study, CD3^+^CD4^+^CD25^+^FOXP3^+^ phenotype was used as the principal definition of Treg cells. We attempted, for the first time, to evaluate various epidemiological factors that may predict the levels of Treg cells in a cohort of 75 healthy women.

A wide range of demographic, lifestyle, medication use, dietary, and reproductive factors were evaluated in association with mean Treg cell levels. Age was significantly and positively associated with Treg levels (*P* = 0.05). This observation is consistent with previous literature \[[@B30]\]. It has been suggested that increasing Treg levels in the elderly might be responsible for decreased immunity with age \[[@B30]\]. Age explained 5% variation in Treg levels in our population ([Table 2](#tab2){ref-type="table"}). Smoking, postmenopausal status, exposure to drugs such as HRT, osteoporosis medications, and lower education levels were found to be associated with significantly (*P* \< 0.05) higher levels of Treg cells ([Table 2](#tab2){ref-type="table"}). Our finding on smoking and Treg cells is consistent with previous literature \[[@B31]\]. Smoking exposure in murine models has been found to significantly upregulate Treg levels \[[@B32]\], reduce helper/suppressor T-cell ratio \[[@B33]\], and induce immunosuppressive cytokines such as IL-10 \[[@B34]\]. Upregulation of Treg levels among smokers has been suggested to be a protective mechanism against the inflammatory response elicited by smoking \[[@B31]\]. If smoking-induced inflammatory response is associated with induction of Treg cells, then it follows that anti-inflammatory drug exposure should be associated with lower Treg levels. We found that women who used nonsteroidal anti-inflammatory (NSAID) drugs such as Ibuprofen had significantly lower levels of Treg cells compared to who women who did not use these drugs ([Table 1](#tab1){ref-type="table"}). *In vitro* studies have found that drugs such as Cox2 inhibitors reduce Foxp3 expression on Treg cells and reverse the suppressive function of Treg cells \[[@B35]\]. On the other hand, anti-inflammatory drugs such as Ketoprofen have been found to up regulate Treg cells in murine model \[[@B36]\]. We did not find any significant difference in Treg cell levels between women who ever used other NSAID drugs such as Cox2 inhibitors, Naproxen, and Acetyl Salicylic Acid compared to women who did not use these drugs (results not shown). Further research is required to better understand the potential role of NSAIDs in modifying Treg cell levels or function.

We found that women who had a history of HRT had significantly higher levels of Treg cells compared to those who were not exposed to HRT. Exposure to high estrogen through HRT might be the underlying mechanism explaining our findings. Indeed, it has been suggested that hormonal factors such as estrogen up regulate Treg cells \[[@B37], [@B38]\]. Expansion of Treg cells during the preovulatory phase of menstrual cycle, when estrogen levels are higher, has been described previously \[[@B37]\]. Among other drug exposures, occasional or regular use of any medication for treatment of osteoporosis was found to be a positive predictor of Treg levels ([Table 2](#tab2){ref-type="table"}). We do not have information on the specific drugs that these women were exposed to, thus limiting the interpretation of this finding. Among other reproductive variables, older age (\>24 years) at first birth was associated with lower Treg levels. Older women in this sample were significantly (*P* = 0.02) more likely to have used oral contraceptives compared to younger women. Thus, the finding associated with age at first birth is likely to be confounded by the use of oral contraceptives.

Obesity has been found to be associated with higher levels of CD4^+^ T lymphocytes \[[@B39]\] and reduced levels of Treg cells \[[@B40]\]. Leptin hormone secreted from adipose tissue suppresses the proliferation of Treg cells \[[@B41]\] (reviewed by \[[@B42]\]). In contrast, we found significantly higher levels of Treg cells in women with a BMI between 25 and 29 kg/mm^2^ (mean Treg = 3.33%) compared to women with a BMI between 18 and 24 kg/mm^2^ (mean Treg = 2.22%). When treated as a continuous marker, BMI did not significantly predict the levels of Treg cells ([Table 2](#tab2){ref-type="table"}). This could be due to nonlinear association of BMI with Treg levels. Indeed, when analyzed as a categorical predictor, higher BMI was found to be a significant predictor of Treg cell levels.

Education was also found to be a significant predictor of Treg levels ([Table 2](#tab2){ref-type="table"}). This is an interesting and intriguing finding. Education is often used as proxy for socioeconomic status and affects an individual\'s lifestyle \[[@B43]\]. Education, occupation, and income have a complex interplay and are important determinants of health \[[@B43]\]. It is likely that the finding of lower Treg cell levels among women with higher education in our sample is a reflection of the association of lifestyle factors such as smoking, diet, and physical activity. that may be associated with education.

Although we report some interesting predictors of Treg cell levels in healthy women, our findings should be interpreted with caution. Our study population was restricted to women and predominantly included white participants. Further research including both men and women across different races should be conducted. Since the study population included women who accompanied cancer patients, they may not be representative of the general population. As seen in [Table 1](#tab1){ref-type="table"}, the majority of our study population had higher education, higher income, and almost everyone had health insurance. Thus, the external validity of our findings is limited. Our statistically significant findings may not be clinically relevant due to small magnitude of variation in Treg cells associated with each predictor. Due to small sample size, multivariate analyses were not conducted, thus restricting adjustment for confounding variables.

However, the study has several strengths. This is a first, well-designed epidemiological study to evaluate predictors of Treg levels in a cohort of healthy women. Secondly, we evaluated a wide range of factors including demographic, lifestyle, dietary, reproductive factors, and medication use. However, due to lack of more specific data on some of these variables, further comprehensive evaluation was limited. Although the response rate was 76%, there were no significant differences in demographic characteristics between women who did not return the questionnaires and those who did. Mean Treg cell levels were also not significantly different between the two groups. Thus, the results of our study are unlikely to be biased by low response rate. No significant intraindividual variation in Treg cells in healthy controls has been observed in the past \[[@B44]\]. Thus, the lack of difference in Treg concentration between some groups in this study is unlikely to be due to intraindividual variation. The findings of our study should be explored further in a larger sample to provide better insight into epidemiological predictors of Treg cells.

5. Conclusion {#sec5}
=============

We found a number of epidemiological variables that significantly predict the levels of Treg cells in healthy women. Modifiable lifestyle factors such as BMI, exercise, use of oral contraceptives, and NSAIDs should be explored further to better understand their role in modifying Treg cell levels in healthy adults.
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###### 

Mean regulatory T-cell (Treg) levels across categories of demographic, lifestyle, diet, medication use, and reproductive characteristics of 75 healthy women at Roswell Park Cancer Institute, Buffalo, NY, USA, 2008-2009.

  -----------------------------------------------------------------------------------------------------------
  Variable                             Sample *N* (%) or mean (STD)   Treg levels mean (STD)   *P* value
  ------------------------------------ ------------------------------ ------------------------ --------------
  *Demographic characteristics*                                                                 

  ^a^Age (Years)                       57.56 (11.93)                                            

   ^b^Age ≤ 60 years                   41 (54.67)                     2.39 (1.20)               

   Age \> 60 years\                    34 (45.33)                     2.95 (1.43)              \*0.10

  ^b^Race                                                                                       

   White                               73 (97.33)                                               

   Black\                              2 (2.67)                                                 

  ^a^Body mass index (BMI)\            28.44 (6.06)                                             
  (kg/m^2^)\                                                                                   

  ^b^BMI (kg/mm^2^)                                                                             

   18--24                              26 (35.14)                     2.22 (0.96)              \*\***0.02**

   25--29                              21 (28.38)                     3.33 (1.56)               

   30 or more\                         27 (36.49)                     2.44 (1.24)               

  ^b^Education                                                                                  

   Less than or equal to high school   19 (25.33)                     3.37 (1.20)              \***0.003**

   Greater than high school\           56 (74.67)                     2.40 (1.28)               

  ^b^Health insurance                                                                           

   Medicaid/Medicare                   10 (16.13)                     3.26 (1.72)              \*0.21

   Employer-sponsored\                 52 (83.87)                     2.44 (1.06)               

  ^b^Marital status                                                                             

   Married/living as married           52 (69.33)                     2.60 (1.35)              \*\*0.51

   Widowed/separated/divorced          17 (22.67)                     2.88 (1.23)               

   Single\                             6 (8.00)                       2.35 (1.55)               

  ^b^Household income\                                                                          
  (per annum)                                                                                  

   ≤\$24,999                           11 (16.42)                     3.06 (1.56)              \*\*0.47

   \$25,000 to \$74,499                44 (65.67)                     2.51 (1.20)               

   \$75,000 +\                         12 (17.91)                     2.41 (1.02)               

  *Lifestyle*                                                                                   

  ^b^Smoking                                                                                    

   Never                               38 (50.67)                     2.29 (1.24)              \***0.01**

   Ever\                               37 (49.33)                     3.00 (1.33)               

  ^a^Alcohol (frequency per month)\    12.30 (18.91)                                            

  ^b^Exercise                                                                                   

   None                                24 (32.00)                     3.04 (1.36)              \*\***0.04**

   1-2 days per week                   25 (33.33)                     2.82 (1.49)               

   3 or more days per week\            26 (34.67)                     2.10 (0.95)               

  *Reproductive characteristics*                                                                

  ^b^Menopausal status                                                                          

   Premenopausal                       28 (37.33)                     2.25 (0.95)              \*0.10

   Postmenopausal\                     47 (62.67)                     2.88 (1.47)               

  ^b^Age at first birth                                                                         

   ≤24 years                           37 (59.68)                     2.90 (1.19)               

   \>24 years\                         25 (40.32)                     2.12 (1.08)              \***0.01**

  ^b^Age at menarche                                                                            

   13 or younger                       54 (73.97)                     2.75 (1.43)               

   14 or greater\                      19 (26.03)                     2.35 (1.05)              \*0.35

  ^b^Ever used oral contraceptives                                                              

   No                                  23 (30.67)                     3.13 (1.72)              \*0.16

   Yes\                                52 (69.33)                     2.43 (1.06)               

  ^b^Ever used HRT                                                                              

   No                                  59 (78.67)                     2.46 (1.18)              \***0.05**

   Yes\                                16 (21.33)                     3.31 (1.64)              

  ^b^Ever given birth                                                                           

   No                                  13 (17.33)                     2.93 (1.84)              \*0.61

   Yes\                                62 (82.67)                     2.58 (1.20)               

  ^b^Ever breast fed                                                                            

   No                                  32 (51.61)                     2.82 (1.25)              \*0.18

   Yes\                                30 (48.39)                     2.32 (1.12)               

  ^b^Family history                                                                             

   No                                  64 (85.33)                     2.59 (1.24)              \*0.49

   Yes\                                11 (14.67)                     2.92 (1.78)               

  ^b,d^Multivitamins                                                                            

   No                                  18 (28.57)                     2.89 (1.65)              \*0.76

   Yes\                                45 (71.43)                     2.64 (1.27)               

  ^b^Ibuprofen                                                                                  

   Never                               21 (28.0)                      3.23 (1.53)               

   Ever\                               54 (72.0)                      2.41 (1.18)              \***0.03**

  ^b^Osteoporosis medication                                                                    

   Never                               62 (82.67)                     2.44 (1.11)              \***0.03**

   Ever\                               13(17.33)                      3.61 (1.83)               

  ^b^Acetaminophen use                                                                          

   Never                               12 (16.0)                      3.10 (1.78)              \*0.43

   Ever                                63 (84.0)                      2.55 (1.22)               

  ^b^Aspirin use                                                                                

   Never                               17 (22.67)                     2.19 (1.06)               

   Ever                                58 (77.33)                     2.77 (1.37)              \*0.09

  ^b^Prednisone use                                                                             

   Never                               60 (81.08)                     2.71 (1.39)              \*0.85

   Ever                                14 (18.92)                     2.43 (1.07)               

  ^d^ *Diet*                                                                                    

  ^a^Vegetables\                       8.92 (8.48)                                              

  ^b^Vegetables                                                                                 

   ≤7 times per week                   57 (76.0)                      2.78 (1.38)              \*0.08

   \>7 times per week\                 18 (24.0)                      2.2 (1.05)                

  ^a^Fruits\                           9.11 (9.81)                                              

  ^b^Fruits                                                                                     

   ≤5.5 times per week                 40 (53.33)                     2.75 (1.31)              \*0.30

   \>5.5 times per week                35 (46.67)                     2.52 (1.35)               

  ^a^Treg (% of CD3^+^)\               2.64 (1.33)                                              
  -----------------------------------------------------------------------------------------------------------

Abbreviation: HRT: hormone replacement therapy.

*P* value determined using \*Wilcoxon Rank-Sum test and \*\*Kruskal-Wallis test of one-way analysis of variance as appropriate, ^a^Mean (standard deviation), ^b^*N* (%), ^c^current intake of vitamin supplements, ^d^dietary intake of fruits, and vegetables defined as frequency per week. Exercise was defined as days per week of at least 20 min of exercise currently.

###### 

Linear regression analyses of epidemiological predictors of regulatory T-cell (Treg) levels among 75 healthy women at Roswell Park Cancer Institute, Buffalo, NY, USA, 2008-2009.

  ---------------------------------------------------------------
  Variable                      *β*         *P* value   *R* ^2^
  ----------------------------- ----------- ----------- ---------
  *Demographic variables*                                

  ^1^Age (years)\               0.02        **0.05**    0.05

  ^2^Education\                 −0.97       **0.005**   0.10

  ^1^BMI (kg/mm^2^)\            0.01        0.78        0.001

  BMI (kg/mm^2^)                                         

   18--24                       Reference                

   25--29                       1.11        **0.004**   0.12

   30 or more\                  0.22        0.52         

  *Lifestyle factors*                                    

  Smoking\                      0.71        **0.02**    0.07

  ^3^Alcohol intake\            0.01        0.19        0.02

  Exercise                                               

   None                         Reference               0.09

   1-2 days/week                −0.22       0.55         

   3 or more days/week          −0.94       **0.01**     

  *Reproductive factors*                                 

  Menopausal status             0.63\       **0.04**    0.05

  ^4^Age at first birth\        −0.78       **0.01**    0.10

  ^5^Age at menarche\           −0.41       0.26        0.02

  Oral contraceptives\          −0.70       **0.03**    0.06

  HRT\                          0.84        **0.02**    0.07

  Parity\                       −0.35       0.39        0.01

  Breast feeding\               −0.50       0.10        0.04

  Family history\               0.32        0.46        0.01

  *Medications*                                          

  ^6^Multivitamins\             −0.25       0.52        0.01

  ^7^Ibuprofen\                 −0.82       **0.01**    0.08

  ^7^Osteoporosis medication\   1.18        **0.003**   0.11

  ^7^Acetaminophen\             −0.54       0.19        0.02

  ^7^Aspirin\                   0.58        0.11        0.03

  ^7^Prednisone                 −0.27       0.49        0.01

  ^8^ *Diet*                                             

  Vegetable\                    −0.02       0.19        0.02

  Fruits                        −0.02       0.28        0.02
  ---------------------------------------------------------------

HRT: hormone replacement therapy.

^1^Continuous variable.

^2^Education level categorized as less than or equal to high school and more than high school.

^3^Frequency of drinking beer/wine/liquor per month in the past one year.

^4^Age at first birth categorized as ≤24 years (reference) and \>24 years.

^5^Age at menarche categorized as ≤13 years and ≥14 years.

^6^Current intake of multivitamins categorized as none = 0 and 1 = yes.

^7^Intake in the past: 0 = Never, 1 = yes, occasionally or at least once a week for one full year.

^8^Frequency per week.

Exercise was defined as days per week of at least 20 min of exercise currently.
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